Objectives: The objective of this systematic review was to assess the influence of implant-abutment connection and abutment material on the outcome of implantsupported single crowns (SCs) and fixed dental prostheses (FDPs).
| Search terms
The terms and strategy of the literature research were as follows:
("dental implants"[MeSH Terms] OR ("dental 
| Inclusion criteria
Clinical studies were considered for inclusion if all of the following inclusion criteria were met:
• Human studies with at least 10 patients treated • Detailed information on the restoration material utilized (all-ceramic, metal-ceramic)
• Restoration type clearly described (single crowns (SC), multiple-unit fixed dental prostheses (FDPs)), and clinical outcomes from SC and FDP reported separately
• If multiple publications on the same patient cohort, only the publication with the longest follow-up time was included
• In studies mixing data on different restoration types and/or materials, data were only included if less than 10% of the reconstructions were of the second type/material.
| Exclusion criteria
Studies not meeting all inclusion criteria were excluded. Also, reports based on questionnaires, interviews, hence studies without clinical examination of the patients, and case reports were excluded from the present review.
| Selection of studies
Two authors (CZ and IS) independently screened the titles derived from the initial search in consideration for inclusion. Disagreements were resolved by discussion. After title screening, the abstracts obtained were screened for inclusion by CZ and MS. Whenever an abstract was not available electronically, it was extracted from the printed article. Based on the selection of abstracts, articles were then obtained in full text. Again, disagreements were resolved by discussion. Finally, the selection based on inclusion/exclusion criteria was made for the full-text articles by the authors AZ, CZ, and MS.
For this purpose, materials and methods, results, and discussions of these studies were screened. The selected articles were then double-checked by the senior authors IS and BEP. Any issues regarding the selection that came up during the screening were discussed within the group in order to reach a consensus.
| Data extraction and method of analysis
Four reviewers (AZ, MS, CZ, and BEP) independently extracted the data of the selected articles using data extraction tables. For standardization purposes, every author extracted the data of the same 3 articles in the beginning of the literature analysis, and the results were then compared within the group and any disagreements were discussed aiming at a consensus to standardize the subsequent analyses.
In some case, when a publication did not provide sufficient information but was judged worthy to be included, the authors were contacted by email or telephone.
All extracted data were double-checked, and any questions that came up during the screening and the data extraction were discussed within the group.
Information on the following parameters was extracted: author(s), year of publication, study design, total number of included patients, number of patients at the end of the study, follow-up time (range, mean), mean age of patients, patient age range, number of F I G U R E 1 Search strategy abutments/reconstructions included, number of abutments/reconstructions in situ at the end of the observation, dropouts, location-type of jaw (maxilla, mandible), location in the jaws (anterior, posterior), implant type, implant diameter, implant-abutment connection type, reconstruction type, reconstruction fixation method (screw-retained, cemented), published abutment/reconstruction survival rate, location of lost abutments/reconstructions, number and type of technical complications (technical, biological) , number and type of biologic complications, number and type of esthetic complications, and reported number of abutments/reconstructions free of complications.
| Data extraction
From the 60 included studies, information on failures of the supporting implants, the abutments, and the reconstructions was extracted.
Information on technical, biological, and esthetic complications was also retrieved. Technical complications were characterized by mechanical damage or mismatch of implants, abutments, and/or the suprastructures. Among these, "fractures of abutments, screws or reconstructions," "screw or abutment loosening," "loosening of the reconstruction," "gap or misfit between implants and abutments or abutments and reconstructions," and "fractures or deformations of the veneering ceramic." From the included studies, the number of events for all of these categories was abstracted and the corresponding total exposure time of the implants, abutments, and reconstructions was calculated.
Biological complications were characterized by biological processes affecting the supporting tissues. "Soft tissue complications," "soft tissue recessions," and "substantial (>2 mm) marginal bone loss" were included in this category.
| Quality assessment of the included study
The Newcastle-Ottawa Scale (NOS) was used to evaluate the quality of the included prospective and retrospective studies. Studies with NOS scores of less than 5, 5 to 7, and above 7 were considered as having low, moderate, and high methodological quality, respectively.
Moreover, a new quality assessment scale for prospective and retrospective observational studies was proposed and implemented (Geneva-Reykjavik quality assessment scale, GRS).
The pro-and retrospective observational studies included in the present systematic review report mainly on outcomes that are either present or not, such as loss of an implant, abutment, or reconstruction; fracture of components; and loosening of abutments and screws. Hence, these studies do not involve detailed measurements that can be accompanied with the risk of measurement bias.
In the new quality assessment scale used in the present systematic review (GRS), prospective cohort and case-series, with a low dropout rate (<4% per follow-up year), representing a high attrition of the subjects and a low risk of selection bias, were considered to be of a high methodological quality. Prospective studies that did not report the dropout rate or had a dropout rate higher than 4% per follow-up year, and retrospective case-series that gave detailed description of the entire patient cohort treated and reported low dropout rate (< 4% per follow-up year) of subjects, were considered to be of moderate methodological quality, representing a medium risk of selection bias.
Finally, retrospective case-series that did not elaborate on the entire cohort, did not report the dropout rate, or had a dropout rate higher than 4% per follow-up year, were considered to be of a low methodological quality representing a high risk of bias of a selection bias.
Observational studies exhibit generally a risk of inclusion bias exists, that is, the included subjects may not represent the general population since specific subjects were selected to be included.
| Statistical analysis
By definition, failure and complication rates are calculated by dividing the number of events (failures or complications) in the numerator, by the total exposure time (implant, abutment, SCs, or FDPs time) in the denominator.
The numerator could usually be extracted directly from the publication. The total exposure time was calculated by taking the sum of:
1. Exposure time of implants, abutments, SCs, and FDPs that could be followed for the whole observation period.
Exposure time up to the failure of implants, abutments, SCs, or
FDPs that were lost due to failure during the observation period.
3.
Exposure time up to the end of the observation period for implants, abutments, SCs, or FDPs that did not complete the observation period due to reasons such as death, change in address, refusal to participate, nonresponse, chronic illnesses, missed appointments, and work commitments.
For each study, event rates for implants, abutments, SCs, or FDPs were calculated by dividing the total number of events by the total implant, abutment, SC, or FDP exposure time in years. For further analysis, the total number of events was considered to be Poisson distributed for a given sum of implant exposure years and Poisson regression with a logarithmic link-function and total exposure time per study as an offset variable was used (Kirkwood & Sterne, 2003a) .
Robust standard errors were calculated to obtain 95 percent confidence intervals of the summary estimates of the event rates (White, 1980 (White, , 1982 .
To assess heterogeneity of the study-specific event rates, the Spearman goodness-of-fit statistics and associated p-value were calculated (Manjon & Martinez, 2014) . Robust standard errors were used in the Poisson regressions to adapt to the uncertainty of heterogeneity of across studies. Five-year failure and complication proportions were calculated via the relationship between event rate and survival function S, S(T) = exp(−T * event rate), by assuming constant event rates (Kirkwood & Sterne, 2003b) . The 95 percent confidence intervals for the failure and complication proportions were calculated by using the 95 percent confidence limits of the event rates. Multivariable Poisson regression was used to investigate formally whether event rates varied by connection type (internal vs. external), abutment material (metal vs.
TA B L E 1 Overview of characteristics and materials for studies reporting on implant-supported single crowns (SCs) with internal implant-abutment connection TA B L E 3 Overview of characteristics and materials for studies reporting on implant-supported fixed dental prostheses (FDPs) with internal implant-abutment connection The study included both implants with internal and implants with external implant-abutment connection.
TA B L E 4
Overview of characteristics and materials for studies reporting on implant-supported fixed dental prostheses (FDPs) with external implant-abutment connection The study included both implants with internal and implants with external implant-abutment connection.
b
The study did not specify the implant abutment connection used.
were metal-ceramic and 42% were all-ceramic, 59% had internal and 41% external connection, 84% of the SCs were cemented, and only 16% were screw-retained. Comparable figures for the included FDPs were 97% metal-ceramic, 3% zirconia-ceramic, 48% internal connection, 52% external connection, 59% cemented, and 41% screw-retained. Many of the included studies, however, did not provide this information. The majority of the studies were conducted in an institutional environment, such as university or specialized implant clinics and about one-third of the studies were performed in private practice setting.
| Methodological quality of the included studies
Utilizing the Newcastle-Ottawa Scale, all the included studies received a score of 5 or 6 representing a moderate methodological quality. According to the new quality assessment scale (GRS) also applied in the present systematic review, 62% of the studies were judged to have high, 28% moderate, and 10% low methodological quality. The latter studies represented a less evident representativeness and higher risk of selection bias than the rest of the evaluated studies (Tables 1-4 
| Implant-abutment connection at SCs
Twenty-nine of the included studies reported on implant-supported SCs with internal implant-abutment connection, 24 studies on SCs with external connection, 3 studies reported on both connection types, and 2 studies did not specify the connection type utilized (Tables 1 and 2 ).
The 5-year failure rates for abutments supporting SCs were 2.3%
for internal and 1.3% for external connections, and the respected failure rates for implant-supported SCs were 2.4% and 4.3%, respectively. The differences in failure rates between internal and external connections did not reach statistical significance (p = 0.161 and 0.266) ( Table 5 ). The total number of technical complications was also similar for both connection types, with a 5-year complication rate of 10.1% for internal connection and 12.4% for external connection, respectively.
Regarding technical complications, there was significantly more screw loosening reported for implants with external implantabutment connection. There was also significantly more ceramic chipping reported for implant-supported SCs retained with internal connection compared with external connection.
For all other technical complications, the difference between internal and external implant-abutment connections did not reach statistical significance (Table 5 ).
The 5-year rate of the total number of biological complications was 6.7% for the internal connection, compared with 4.3% for the external implant-abutment connection. The difference between the groups did not reach statistical significance (p = 0.364). The incidence of soft tissue recessions tended to be more frequent for internal implant-abutment connection, without reaching statistical significance between different connection types (p = 0.060) (Table 5) .
| Implant-abutment connection at FDPs
Five of the included studies reported exclusively on implantsupported FDPs using internal implant-abutment connection, five studies on FDPs with external connection, two studies included FDPs, both with internal and with external implant-abutment connections, and one studies did not specify the connection type utilized (Tables 3 and 4 ).
The 5-year failure rates for abutments and FDPs ranged between 0.7% and 4.2%, yet, the difference between internal and external implant-abutment connections did not reach statistical significance, neither for abutments (p = 0.244) nor for FDPs (p = 0.588) ( Table 6 ).
The 5-year complication rate for the total number of technical complications was 9.4% for internal connection and 12.2% for external connection.
The total number of biological complications of the implantsupported FDPs at 5-years was 5.6%, and the total number of technical complications was 9.4% for internal implant-abutment connections and 4.8% and 12.2% for external connections, respectively. The difference did, however, not reach statistical significance (p = 0.753 and 0.657). The 5-year rate of abutment or occlusal screw fracture was significantly (p = 0.010) higher for implant-supported FDPs with external implant-abutment connections (1.8%) than for internal implant-abutment connections (0.2%). Furthermore, significantly (p < 0.001) more implants with internal connection (5.6%) were reported to have significant marginal bone loss as compared to implants with external connections (0%). This observation was, however, based on observations of few implant-supported FDPs.
The differences in the complication rates for other technical or biological complications at the internally and externally 244, 0.588, 0.136, 0.781, 0.728 & 0.856) ( Table 6 ).
| Abutment material
From the studies included in the present systematic review, 40 reported on titanium abutments, 8 on gold abutments, 5 on metal abutments without specifying which metal was utilized, 15 studies on zirconia-ceramic abutments, and 2 studies including a total of 26 implant-supported SCs reported on aluminum oxide abutments. Some of the included studies reported on abutments made from different material groups, and one study did not specify the abutment material utilized (Tables 1 and 2 ).
The 5-year failure rates for abutments were 1.5% for metal abutments compared with 2.4% for ceramic abutments, and the respective failure rates for the reconstruction were 3.5% when supported by metal abutments and 2.9% when supported by ceramic abutment. The differences in failure rates between the materials did not reach statistical significance (p = 0.220 and 0.701) ( Table 7 ).
The total number of technical complications was similar for both groups, with a 5-year total complication rate of 11.5% for metal abutments and 11.2% for ceramic abutments, respectively. Regarding technical complications, there were significantly (p < 0.001) more abutment fractures reported for ceramic abutments, compared with metal abutments. On the other hand, there were significantly more screw loosening reported for metal abutments compared with ceramic abutments.
A significantly (p = 0.029) higher incidence of biological complications (9.5%) was reported for implants with ceramic abutments, compared with implants with metal abutments (3.7%). Furthermore, significantly more soft tissue recessions were reported for SCs supported with ceramic abutments.
The differences between metal and ceramic abutments regarding other than the above technical and biological complications did not reach statistical significance (Table 7) .
| Type of retention
The 5-year failure rate for abutment failures was 1.4% for cemented crowns and 1.9% for screw-retained crowns, and the 5-year failure rate of the reconstructions was 3.2% for cement-retained SCs and 4.3% for screw-retained SCs. The differences in failure rates between cemented and screw-retained crowns for abutments and SCs did not reach statistical significance (p = 0.491 and 0.734) ( Table 8 ). The total number of technical complications was higher for screw-retained SCs (15.3%) compared with cemented SCs (8.1%). The difference, however, did not reach statistical significance (p = 0.327). The number of screw loosening was significantly higher for screw-retained SCs compared with cemented SCs, but ceramic chipping was on the other hand significantly higher for the cemented crowns. The 5-year rate of the total number of biological complications of 6.6%, the rate of soft tissue complication of 2.3%, and the rate of substantial marginal bone loss of 1.9% for cemented SCs were significantly (p < 0.001) higher than the comparable complication rates of 0% for screw-retained SCs. It must be kept in mind that the information on biological complications for screw-retained SCs was limited (Table 8) .
| Implant position
The included studies were also divided according to the implant position in the dental arch. Fourteen studies, 7 studies testing metal and 7 studies testing ceramic abutments, reported exclusively on implants inserted in the anterior area. Twenty studies, 17 with metal and 3 with ceramic abutments, reported solely on implants placed in the posterior area.
The 5-year abutment failure rate was significantly (p = 0.045) higher in the anterior than in the posterior area (2.6% anterior vs.
0.5% posterior). In addition, the 5-year failure rate of the reconstruction was significantly (p = 0.014) higher in the anterior compared with the posterior area (3.7% anterior vs. 0.2% posterior) ( Table 9 ).
The total number of technical complications tended to be higher for anterior SCs (8.6%) compared with posterior SCs (4.7%). The difference, however, did not reach statistical significance (p = 0.258).
Fractures of abutments and crowns as well as loosening of the reconstructions were significantly more frequent in the anterior area.
Finally, the total number of biological complications and the incidence of soft tissue complications and soft tissue recessions were significantly higher in the anterior area than in the posterior area (p < 0.001, 0.014 & p < 0.001) ( Table 9 ).
| Study design
The included studies were divided according to the study design applied in a group of 47 prospective studies and a group of 13 retrospective studies. Twelve different parameters for failures and complications were calculated, and comparisons were made between the different study designs (Table 10 ). The outcomes reported in prospective and retrospective studies did not exhibit statistically significant differences for any of the 12 parameters tested (Table 10) .
| Abutment material and implantabutment connection
The extracted data were divided into 4 groups: a group of 1,916 metal abutments with internal connection, a group of 1,464 metal abutments with external connection, a group of 612 ceramic abutments with internal connection, and a group of 348 ceramic abutments with external connection. The failure and complication rates of the different groups were compared with multivariable regression where the outcome for metal abutments with internal connection used as a reference (Tables 11-21) .
Regarding implant failures, abutment failures, and failure of the reconstructions, there were no significant differences between the four groups (Tables 11-13 ). The same applied for the total number of technical complications (Table 14) , but significantly higher number of biological complications was reported for ceramic abutments with internal connections (Table 15) .
TA B L E 8 Comparing annual failure and complication rates of cement retained and screw retained implant-supported SCs
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Number of SCs
Abutment fractures were significantly more frequent for ceramic abutments both with internal and external connection (Table 16 ).
The incidence of screw loosening was significantly higher for metal abutments with external implant-abutment connection (Table 17 ). The fracture rate of the reconstructions was similar for all four groups (Table 18 ).
The incidence of soft tissue complications was higher for ceramic abutments with internal connection (Table 19) , and the incidence of soft tissue recessions was significantly higher for ceramic abutments, both with internal and with external connections (Table 20) . Furthermore, the rate of implants with marginal bone loss more than 2 mm was significantly lower for implants with metal abutments with external connection compared with implants with metal abutments and internal connection and implants with ceramic abutments with external connection (Table 21) .
| D ISCUSS I ON
The present review showed similar overall survival rates of internally and externally connected implant abutments, with no differences between ceramic and metal abutments. Yet, the review displayed that the implant-abutment connection influenced the technical and biologic outcomes of the implant abutments and the supported reconstructions. In general, the external connections were more prone to specific technical problems, while internal connections were more associated with biologic problems. At both single crowns (SCs) and multiple-unit fixed dental prostheses (FDPs), significantly more abutment screw fractures were observed at external implantabutment connections. Furthermore, at SCs, more screw loosening was reported for abutments/crowns with external implant-abutment connections. With respect to abutment materials, the present review showed higher fracture rates of both externally and internally TA B L E 9 Comparing annual failure and complication rates of implant-supported SCs inserted in the anterior or posterior area TA B L E 1 0 Comparing annual failure and complication rates of implant-supported SCs inserted in prospective or retrospective studies connected ceramic abutments, as compared to externally and internally connected metal abutments.
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Hence, the implant-abutment connection plays an important role for the outcomes of the implant-supported fixed reconstructions as the present review could show. The finding that the predominant technical problem at the external connections was abutment screw loosening and screw fracture is in accordance with previously published literature.
Abutment screw fractures were found in 0.2% and only for externally connected abutments, not for internally connected ones according to a systematic review (Zembic et al., 2014) . A higher incidence of screw fractures (0.7% at 3.6 years) and screw loosening (8% at 3.6 years) with this type of implant-abutment connection is supported by other studies (Kim et al., 2013; Walton & MacEntee, 1997) .
Internal implant-abutment connections have demonstrated significantly higher strength and higher resistance to bending of the abutment-reconstruction complex in laboratory studies before (Khraisat, Abu-Hammad, Dar-Odeh & Al-Kayed, 2004; Norton, 2000) . As a consequence, it may be assumed that the load on the TA B L E 1 2 Summary of annual failure rates, relative failure rates and failure estimates for abutments supporting implant SCs with metal-abutments with internal connection as reference TA B L E 1 5 Summary of annual complication rates, relative complication rates and estimates for total number of biological complication for implant-supported SCs with metal-abutments with internal connection as reference different implant systems with differing designs of the internal connections were included in the present review, numerous factors could contribute to the presented difference. A greater amount of bone loss was reported for implants with matching platforms compared to nonmatching ones in several publications (Atieh, Ibrahim & Atieh, 2010; Chrcanovic, Albrektsson & Wennerberg, 2015) . In addition, the insertion depth of an implant may affect the amount of bone resorption, with less bone loss if the implant is placed at or above the bone crest as compared to below the bone crest (Jung et al., 2008) .
A higher incidence of recessions was found around ceramic abutments compared to metal abutments both in a previous (Sailer, Philipp et al., 2009; and in the present review. On the one hand, the higher incidence of soft tissue recessions at internally connected SCs might be related to the abutment material.
The manufacturing technique and especially the abutment surface TA B L E 1 8 Summary of annual complication rates, relative complication rates and estimates for fracture of implant-supported SCs with metal-abutments with internal connection as reference roughness may influence the peri-implant soft tissues (Quirynen, Bollen, Papaioannou, Van Eldere & van Steenberghe, 1996) . The optimal abutment roughness R a -value was defined to be 200 nm for the establishment of an epithelial seal , whereas a highly polished zirconia surface may induce soft tissue recession . On the other hand, it may be possible that the Fabbri et al., 2017; Ferrari et al., 2016; Passos et al., 2016) .
Another study pointed out that one has to be careful when using 1-piece zirconia abutments and reduced diameter implants as well as in posterior regions (Gibbs, Anusavice, Young, Jones & EsquivelUpshaw, 2002; Nilsson, Johansson, Lindh & Ekfeldt, 2017) . More recent types of ceramic abutments include metal hybrid secondary components to increase the stability at the level of the connection might be the preferred option in future. Internally connected zirconia abutments supported by titanium base abutments exhibited significantly higher strength in vitro studies than one-piece zirconia abutments, in addition, the bending moments of these titanium base-supported zirconia abutments were similar to the ones of metal abutments . Other studies also demonstrated more favorable fracture strength values of ceramic abutment supported by hybrid abutments, as compared to one-piece ceramic abutments (Alsahhafa, Spies, Vachc & Kohal, 2017; Butz, Heydecke, Okutan & Strub, 2005; Chun et al., 2015; Elsayed, Wille, Al-Akhali & Kern, 2017; Stimmelmayr et al., 2012; Yilmaz, Salaita, Seidt, McGlumphy & Clelland, 2015) . Hence, the esthetic advantage The type of retention for SCs had an influence on different parameters. There were significantly more biological complications for cement-retained SCs. This might be associated with cement remnants, which are known to be a risk factor for inflammation. Cement remnants were detected for SCs cemented on abutments with epiand submucosal margins either way and both around prefabricated and customized abutments (Kappel, Eiffler, Lorenzo-Bermejo, Stober & Rammelsberg, 2016; Linkevicius et al., 2013) .
In contrast, screw-retained SCs showed significantly more loosening of abutment or occlusal screws and reconstructions. A systematic review comparing cemented and screw-retained implant reconstructions substantiates a higher incidence of technical complications for screwretained SCs (Sailer, Mühlemann, Zwahlen, Hämmerle & Schneider, 2012) .
The main limitation of the present systematic review was, that no
RTCs were available addressing the present focussed question, and that the overall conclusions were based on pooled data of different types of implants placed in different positions in the jaws (maxilla, mandible;
anterior, posterior). Furthermore, there was a lack of standardized approaches to report biological and technical complications in the available studies. Finally, the included studies mainly reported the outcomes on TA B L E 2 1 Summary of annual complication rates, relative complication rates and estimates for bone loss more than 2 mm for implants supporting SCs with metal abutments with internal connection as reference implant or abutment level, and not on patient level. As some patients may have more than one reconstruction in the studies, the patient factor was not taken into account in the present analysis. Moreover, the data are often clustered from patients with different observation periods instead of following patients for a well-defined time period.
| CON CLUS IONS
For implant-supported SCs, both metal and ceramic abutments with internal and external connections exhibited high survival rate as well as metal abutments with internal and external connections for implant-supported FDPs.
Still, the implant-abutment connection appears to have an influence on the incidence of biological and technical complications.
Externally connected abutments encountered more technical problems such as abutment or screw loosening, whereas internally connected abutments were more associated with biologic problems.
Ceramic abutments, both internally and externally connected, demonstrated a significantly higher incidence of abutment fractures than metal abutments.
Finally, cement-retained implant-supported SCs showed significantly more biological complications; in contrast, screw-retained crowns had a significantly higher incidence of technical complications and screw loosening.
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